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METHOD FOR FABRICATING A
SEMICONDUCTOR DEVICE

BACKGROUND

The present disclosure relates to fabrication of semicon-
ductor devices and provides methods for fabricating semi-
conductor devices on a substrate. The present disclosure
relates also to semiconductor devices and semiconductor
structures obtainable by such methods.

Semiconductor devices may comprise dislocations. Such
a dislocation may be defined as a crystallographic defect or
irregularity within a crystal structure of a semiconductor.
The presence of dislocations may have a strong influence on
many of the properties of the respective semiconductor
device.

Dislocations cannot be controlled in established technolo-
gies and are usually considered as undesired defects,
because they lead to stochastic spread in device character-
1stiCs.

SUMMARY

According to a first aspect, the invention 1s embodied as
a method for fabricating a semiconductor device on a
substrate. The method comprises steps of providing a sub-
strate and providing a cavity structure on the substrate. The
cavity structure comprises one or more seed surfaces, a first
growth path for the growth of a first semiconductor structure
from one of the one or more seed surfaces and a second
growth path for the growth of a second semiconductor
structure from one of the one or more seed surfaces. The
cavity structure further comprises at least one opening for
supplying precursor materials to the cavity structure. The
method further comprises steps of selectively growing the
first semiconductor structure along the first growth path and
selectively growing the second semiconductor structure
along the second growth path. The first semiconductor
structure has a first growth front and the second semicon-
ductor structure has a second growth front. The method
comprises a further step of merging the first and the second
growth front at a border area of the first and the second
semiconductor structure. Thereby a defined dislocation
region 1s grown at the border area, where the first and the
second semiconductor structure merge.

Methods according to embodiments of the first aspect
may facilitate an eflicient and precise fabrication of dislo-
cation regions in semiconductor devices 1n a defined way.
This allows for using advantageous eflects of such disloca-
tions for the semiconductor device functionality 1n a pre-
dictable way.

According to methods of the first aspect, the cavity
structure 1s used to determine and control the position of the
dislocation region. More particularly, the cavity structure
provides two separate growth paths, namely a first growth
path and a second growth path. The first and the second
growth path are arranged such that the growth fronts of the
first and the second growth path merge during the growth
process at a border area between the first and the second
semiconductor structure. Methods according to embodi-
ments of the mvention control the fabrication of the dislo-
cation regions by the geometry of the cavity structure. The
dislocation position as well as the number of dislocations
may be defined according to embodiments by the design and
the geometry of the cavity structure.

Hence methods according to embodiments of the inven-
tion may allow the fabrication of semiconductor devices and
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2

structures that use specific properties of the dislocation
regions 1n a predefined way for the functionality of the
device.

According to embodiments, the dislocation region may
have an enhanced mobility/conductivity along the disloca-
tion.

According to embodiments, the dislocation region may
involve a high strain level at the core of the dislocation
region. This may cause significant changes of the band
structure and may result in the formation of a quantum well
along the dislocation region or a QD or quantum wire,
depending on the geometry of the region.

Furthermore, there 1s evidence that dislocations do not
freeze out but remain active at very low cryogenic tempera-
tures (<4K). Hence embodiments of the invention may ofler
interesting device options for quantum computing applica-
tions.

Furthermore, devices according to embodiments of the
invention may be optical devices. According to embodi-
ments of the invention the controlled fabrication of dislo-
cation regions in such optical devices may provide improved
optical properties. As an example, a high degree of strain 1n
the dislocation region may modify the bandgap locally, e.g.
in quantum wells.

According to an embodiment, the one or more seed
surfaces of the cavity structure comprise a first seed surface
and a second seed surface. The second seed surtace 1s spaced
apart from the first seed surface. The method comprises
steps of selectively growing from the first seed surface the
first semiconductor structure and selectively growing from
the second seed surface the second semiconductor structure.
According to embodiments the growing of the first and the
second seed structure 1s performed simultanecously.

Hence according to such embodiments, the first growth
path and the second growth path start from separate seeds
and the associated first and second semiconductor structure
grow at first separately. Subsequently the first and the second
growth path, 1 particular the first and the second growth
front, are merged at the border area.

According to embodiments, the cavity structure com-
prises a first tapered edge portion adapted to extend the first
growth path to the border area and a second tapered edge
portion adapted to extend the second growth path to the
border area. The first tapered edge portion and the second
tapered edge portion converge at the dislocation region.

Such tapered edge portions facilitate the merging of the
first growth front and the second growth front.

According to embodiments, the cavity structure com-
prises a third tapered edge portion adapted to further extend
the first growth path of the cavity structure and a fourth
tapered portion adapted to further extend the second growth
path of the cavity structure.

Such tapered edge portions further facilitate the merging
of the first growth front and the second growth front. In
particular, the third tapered edge portion may be arranged
symmetrical to the first tapered edge portion with respect to
the first growth path and the fourth tapered edge portion may
be arranged symmetrical to the second tapered edge portion
with respect to the second growth path.

According to embodiments, the one or more seed surfaces
are arranged with a predefined angle towards each other.
According to embodiments the one or more seed surfaces
may be arranged parallel to each other. According to other
embodiments, the one or more seed surfaces may be
arranged orthogonal to each other. According to other
embodiments, the one or more seed surfaces may be inclined
to each other.
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According to an embodiment, the one or more seed
surfaces of the cavity structure comprise a common or in
other words a single seed surface for the first semiconductor
structure and the second semiconductor structure. The cavity
structure comprises a separation structure arranged in a
separation area between the first growth path and the second
growth path. The separation structure 1s adapted to separate
the first and the second growth path. The separation structure
may also be denoted as divergence structure or as perturba-
tion structure. The cavity structure according to such an
embodiment further comprises a merging area for merging
the growth fronts of the first and the second semiconductor
structure. The method according to such an embodiment
comprises a first step ol selectively growing from the
common seed surface a common semiconductor structure.
The method comprises a second step of selectively growing
the first semiconductor structure and the second semicon-
ductor structure along the separation structure. The separa-
tion structure separates the common semiconductor struc-
ture during a part of the growth process. Then the method
comprises a third step of merging the first and the second
growth front in the merging area of the cavity structure.

Hence according to such embodiments, the first growth
path and the second growth path start mitially from the
common seed surface, are then subsequently separated by
the separation structure and are finally merged 1n the merg-
Ing area.

According to an embodiment the defined dislocation
region establishes a dislocation plane.

Hence the defined dislocation region 1s in particular a
2-dimensional dislocation. The dislocation region may com-
prise 1n particular grain boundaries.

According to further embodiments, the cavity structure
may provide three or more growth paths. This allows for
growing a plurality of dislocation regions.

According to embodiments, the selective growing of the
first semiconductor structure and the second semiconductor
structure 1s performed by selective epitaxial growth.

According to embodiments, the selective growing of the
first semiconductor structure and the second semiconductor
structure 1s pertormed by metal organic chemical vapor
deposition (MOCVD), atmospheric pressure CVD, low or
reduced pressure CVD, ultra-high vacuum CVD, molecular
beam epitaxy (MBE), atomic layer deposition (ALD) or
hydride vapor phase epitaxy.

Such methods allow a precise control of the growing
conditions of the first and the second semiconductor struc-
ture. Furthermore, they allow mass manufacturing.

According to embodiments each of the first and the
second semiconductor structures may comprise a compound
semiconductor material, in particular a group III-V com-
pound material or a group II-VI compound material. This
may allow advanced device functionalities.

According to embodiments the one or more seed surfaces
may have 1n particular monocrystalline semiconductor sur-
face to facilitate a directed growth. The seed surface may
comprise 1n particular silicon to facilitate eflicient device
tabrication. According to embodiments, the substrate may be
used as a seed surface.

Methods according to embodiments of the invention may
comprise a further step of removing the cavity structure after
the growth of the first and the second semiconductor struc-
ture. This may be performed, e.g., by etching.

According to some embodiments, the first growth path
and the second growth path extend laterally over the sub-
strate, while according to other embodiments the first
growth path and the second growth path extend vertically to
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4

the substrate. The extension of the respective growth chan-
nels may be in particular chosen i dependence on the
desired final structure and functionality of the semiconduc-
tor device.

According to embodiments, this may also be combined.
As an example, according to embodiments a first sheet
comprising a first semiconductor structure and a second
semiconductor structure having a first dislocation region
between them may be grown 1n a lateral direction 1n a first
cavity structure. Then the first cavity structure may be
removed, and a second cavity structure may be formed on
top having vertical growth channels. Then a third semicon-
ductor structure and a fourth semiconductor structure having
a second dislocation region between them may be grown 1n
a vertical direction 1n the second cavity structure.

According to another aspect of the invention a semicon-
ductor device 1s provided that 1s obtainable by a method
according to the first aspect.

Embodiments of the invention will be described in more

detail below, by way of illustrative and non-limiting
examples, with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1a through 1f are schematic illustrations showing,
successive stages 1 a fabrication method embodying the
invention;

FIG. 1g shows a SEM 1mage of a semiconductor device
structure that has been fabricated with a cavity structure
according to an embodiment of the invention;

FIGS. 2a through 2g are schematic illustrations showing
more detailed stages 1n a fabrication method of a cavity
structure embodying the invention;

FIGS. 3a through 3¢ show successive stages of a method
for the fabrication of semiconductor devices according to
embodiments of the invention;

FIG. 4a and FIG. 4b show successive stages ol a method
for fabrication of semiconductor devices according to
embodiments of the invention;

FIG. 5a and FIG. 55 show successive stages of a method
for fabrication of semiconductor devices according to
embodiments of the invention;

FIG. 6a and FIG. 65 show successive stages of a method
for fabrication of semiconductor devices according to
embodiments of the invention;

FIG. 7a and FIG. 7b show successive stages of a method
for fabrication of semiconductor devices according to
embodiments of the invention; and

FIG. 8 1s a flowchart of methods steps of a fabrication
method embodying the invention 1n an embodiment.

DETAILED DESCRIPTION

At first, some general aspects and terms of embodiments
of the mvention are described.

The term cavity structure may be defined as a hollow,
partly filled or filled structure that 1s formed by a solid
surrounding, e.g. surroundings walls. According to embodi-
ments of the invention the cavity structure has one or more
openings through which precursor maternials can be supplied
to the cavity structure. The cavity structure may be in
particular adapted to confine and guide materials of a vapor
phase epitaxial process from the one or more openings to
one or more seed surfaces to nitiate crystal growth.

The first and the second growth path may extend accord-
ing to embodiments 1n a lateral direction extending laterally
over a substrate. The term “laterally” 1s used in this context
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to indicate orientation generally parallel to the plane of the
substrate, as opposed to generally vertically, or outwardly,
from the substrate surface. According to other embodiments
the first and the second growth path may extend in a
direction that 1s vertically to the surface of the substrate.

FIGS. 1a through 1/ show successive stages of a method
for fabrication of semiconductor devices according to
embodiments of the invention. FIGS. 1la through 1/ are
schematic top views.

FIG. 1a 1s a schematic top view of a cavity structure 110
that comprises a first growth path 131 extending in a first
direction and a second growth path 132 extending in a
second direction. The cavity structure 110 comprises a first
seed 121 having a first seed surface 121a and a second seed
122 having a second seed surface 122a. The second seed 121
and the second seed surface 121a are spaced apart from the
second seed 122 and the second seed surface 122aq by a
lateral distance d. The distance d may be chosen e.g. 1n a
range between 100 nm and 30 nm.

The cavity structure 110 comprises a {irst growth channel
111 for the first growth path 131. According to this embodi-
ment, the first growth channel 111 comprises a first part with
a fixed width wll, a second part with an increasing width
w12 and a third part with a fixed width w13.

The cavity structure 110 comprises a second growth
channel 112 for the second growth path 132. According to
this embodiment, the second growth channel 112 comprises
a first part with a fixed width w21, a second part with an
increasing width w22 and a thurd part with a fixed width
w23.

The cavity structure 110 comprises a first tapered edge
portion 110a adapted to extend the first growth path 131 to
a border area 101 and a second tapered edge portion 1105
adapted to extend the second growth path 132 to the border
area 101. The border area 110 1s an area at which the first
growth channel 111 and the second growth channel 112
adjoin. The first tapered edge portion 110a and the second
tapered edge portion 1105 converge at the border area 101.
The border area 101 1s 1llustrated by a dash-dot line.

The cavity structure 110 furthermore comprises a third
tapered edge portion 110c¢ adapted to extend the first growth
path 131 and a fourth tapered edge portion 1104 adapted to
extend the second growth path 132. The third tapered edge
portion 110c¢ 1s arranged symmetrical to the first tapered
edge portion 110a with respect to the first growth path 131
and the fourth tapered edge portion 1104 1s arranged sym-
metrical to the second tapered edge portion 1106 with
respect to the second growth path 132.

The first seed 121 provides a seed for growing a first
semiconductor structure 141 selectively from the first seed
surface 121a and the second seed 122 provides a seed for
selectively growing from the second seed surface 122q a
second semiconductor structure 142 (see FIGS. 15 to 1f)

The cavity structure 110 comprises schematically 1llus-
trated openings 115 for supplying precursor materials to the
cavity structure 110.

The first seed surface 121a and the second seed surface
122a are substantially perpendicular to the first growth path
131 and the second growth path 132 respectively.

The selective growing of the first semiconductor structure
141 and the second semiconductor structure 142 may be
performed 1n particular by selective epitaxial growth. Meth-
ods that are 1n particular suitable according to embodiments
are metal organic chemical vapor deposition (MOCVD),
atmospheric pressure CVD, low or reduced pressure CVD,
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6

ultra-high vacuum CVD, molecular beam epitaxy (MBE),
atomic layer deposition (ALD) and hydride vapor phase
epitaxy.

The first seed surface 121a and the second seed surface
122a may have in particular an area of order 10* nm* or less,
to ensure a single point of nucleation. The first seed surface
121a and the second seed surface 1224 may be embodied as
monocrystalline semiconductor surfaces, in particular of
s1licon.

FIGS. 16 to 14 illustrate diflerent stages of the growth
process of the first semiconductor structure and the second
semiconductor structure.

In FIG. 15 the first semiconductor structure 141 and the
second semiconductor structure 142 have been grown in the
first part of the first channel 111 and the second channel 11
respectively. During the selective growth the first semicon-
ductor structure 141 has a first growth front 141a and the

second semiconductor structure 142 has a second growth
front 142a.

In FIG. 1c¢ the first semiconductor structure 141 and the
second semiconductor structure 142 have been grown in the
second part of the first channel 111 and the second channel
112 respectively along the tapered edge portions. Hence the
width w12 and w22 of the first semiconductor structure 141
and the second semiconductor structure 142 has increased
along the tapered edge portions and, at the end of the tapered
edge portions, the growth front 141a of the first semicon-
ductor structure 141 and the growth front 142a of the second
semiconductor structure 142 have started to merge.

FIG. 1d shows the first semiconductor structure 141 and
the second semiconductor structure 142 after the selective
growth has been finished. During the growth 1n the third part
of the channel the first growth front 141aq and the second
growth front 142a of the first semiconductor structure 141
and the second semiconductor structure 142 respectively
have been merged at the border area 101 between the first
and the second semiconductor structure. Thereby a defined
dislocation region 102 has been grown at the border area 101
and/or around the border area 101. The defined dislocation
region 102 1s indicated by a dashed rectangle.

In general, the first and the second semiconductor struc-
tures may comprise any desired semiconductor materials. In
preferred embodiments the first semiconductor structure and
the second semiconductor structure comprise a compound
semiconductor material. A compound semiconductor mate-
rial icludes a III-V compound semiconductor material, a
II-VI compound semiconductor material and/or a IV-IV
compound semiconductor material. In particular, indium
gallium arsenide, mndium arsenide and/or gallium arsenide
may be used 1 view of a higher carrier mobility than silicon,
thereby allowing high-frequency semiconductor devices.

According to embodiments, material composition and/or
dopant levels may be varied during the growth processes 1f
desired.

Retferring now to FIG. 1e, a semiconductor device 1s
shown for which the cavity structure 101 has been removed,
¢.g. by etching.

Then, 1n another fabrication step, the result of which 1s
illustrated 1n FIG. 1/, any desired part of the semiconductor
structure may be removed, e.g. by etching.

The semiconductor device shown in FIG. 1f comprises the
first semiconductor structure 141 on top, the second semi-
conductor structure 142 in the bottom and between these two
structures the defined dislocation region 102.

According to embodiments the semiconductor device
shown in FIG. 1f may then be further processed i1n any
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desired way, e.g. by providing contacts or by embedding the
device 1n further semiconductor structures.

FIG. 1g shows a SEM 1mage of an In Ga,_ As semicon-
ductor device structure nucleated from a silicon seed that has
been fabricated within a S10, cavity structure similar to the
one schematically 1llustrated with reference to FIGS. 1a to
14. This 1mage demonstrates successiul formation of a
dislocation region 102 at the border area 101 between the
first semiconductor structure 141 and the second semicon-
ductor structure 142.

Hence methods according to embodiments of the inven-
tion may facilitate the fabrication of semiconductor devices
having dislocations at predefined areas of the semiconductor
device 1n a predefined and desired way.

An exemplary fabrication method of the cavity structure
will now be described 1n more detail with reference to FIGS.
2a through 2g.

FIG. 2a 1s a schematic cross-section through a SOI
(Silicon On Insulator) water 200 which provides the sub-
strate for this fabrication process. Water 200 comprises three
layers. A thin, typically 10-200 nm thick, S1 device layer 201
1s bonded or deposited on a silicon oxide dielectric layer 202
(25 nm-2 um thick) which in turn overlies a thick silicon
handle water 203. The S1 device layer 201 may have a (100)
surface orientation and provides a seed material layer for the
one or more seed surfaces of the fabrication method.

In a first step of the method the S1 layer 201 1s patterned
to form a silicon structure 204 as shown in FIG. 2b. The
structure 204 defines the interior of the cavity structure for
the first and the second growth path of the first and the
second semiconductor structure to be formed. The structure
204 may also provide the basis for the one or more seeds for
the growth of the first semiconductor structure and the
second semiconductor structure to be formed 1n subsequent
steps. This 1mn1tial patterning step exposes the dielectric layer
202 around structure 204 and may involve reducing the
thickness of device layer 201 according to the desired
dimensions of the first growth path and the second growth
path and the corresponding first growth channel and the
second growth channel to be formed.

The resulting structure 204 of a seed material for the one
or more seeds first thus projects from dielectric layer 202.

In this example, the structure 204 has a U-shaped form
corresponding to e.g. the U-shaped form of the cavity
structure 110 as 1illustrated 1n FIGS. 1a to 1d.

FI1G. 256 shows on the left-hand side a cross sectional view
in the x-z-plane and illustrates on the right-hand side a
schematic cross-section on A-A of the left-hand view 1n the
figure. The right hand cross-sectional view 1s taken along the
first part of the growth channel and accordingly comprises
two separated structures for the growth channels including
the first and the second seed to be formed.

Each of dimensions y, Z 1n this example may be according
to embodiments between 200 nm and 10 nm. However,
generally any other shapes and dimensions may be used as
desired.

In a second step of the fabrication process of the cavity
structure, a second dielectric layer 205, e.g. of silicon oxide,
1s deposited over, and 1n contact with, the structure 204 and
the first dielectric layer 202. The result of this step 1s
illustrated 1n FIG. 2¢, where the right-hand view shows a
cross-section on B-B of the left-hand view 1n the figure.

FIG. 2e¢ shows a cross-section on C-C of the left-hand
view ol FIG. 2¢ to illustrate the wider third part of the
growth channel

Next, as illustrated 1n FIG. 24, an opening 210 1s formed
in the cavity structure, e.g. by lithographic processing, to
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expose the structure 204. A first portion of the structure 204
1s then etched away via the opening 210, e.g. by XeF2 vapor,
ctching, or wet-etching 1n a suitable etchant such as TMAH
or KOH. This stage 1s illustrated in FIG. 2f. The remaining
portion of structure 204 provides a first seed 221 and a
second seed 222 for subsequent growth of the first and the
second semiconductor structure. The surface orientation of
the seed surfaces of the first seed 221 and the second seed
222 can be well tailored by choosing the crystal orientation
of the seed maternial and the wet etchant. If the surface
orientation of the seed material 1s along (110), vertical (111)
seed surfaces can be obtained, while for more common (100)
surface orientation the (111) seed surface will be inclined.
The seed surface of the first seed 221 and the second seed
222 may have a limited seed surface area of order 10* nm~
or less to facilitate mitially a single nucleation point of the
first and the second semiconductor structure.

The first and second dielectric layers 202, 205 together
form a cavity structure with a first growth path and a second
growth path corresponding to the cavity structure 110 of
FIG. 1. According to this example, the first growth path and
the second growth path extend laterally over the substrate
203.

In other methods embodying the invention, the cavity
structure can be formed by any convenient processing
techniques on a substrate. As an example, the substrate 203
may be used as seed surface for growing the first semicon-
ductor structure and the second semiconductor structure.
Such an example 1s 1llustrated 1n FIG. 2/2. As can be seen, the
dielectric layer 202 comprises openings with one end reach-
ing the surface of the substrate 203 and the other end
reaching the cavity structure. Thereby the first seed and the
second seed may be provided by the substrate 203 with a
seed surface 221qa, 222a. According to such an embodiment
the first semiconductor structure and the second semicon-
ductor structure start growing from the substrate 203 ini-
tially 1n a vertical direction and then the growing of the first
semiconductor structure and the second semiconductor
structure proceed laterally.

Prior to the selective growth step, the S1 seed surface 1s
preferably cleaned, by flushing with an HF dip, to remove
any surface oxidation, or by another surface cleaning
method such as thermal desorption.

According to embodiments, the substrate may be any
suitable substrate and may be embodied e.g. as a Si-sub-
strate, a SIM water, a GaAs-substrate, an InP-substrate, a
S1C-substrate or a GaN-substrate.

While the seed surfaces may be a monocrystalline semi-
conductor surfaces, this 1s not essential. In particular for
embodiments where the area of the seed surface i1s con-
strained, the seed surface may be provided by a surface of
an amorphous or polycrystalline semiconductor or a metal or
a metal-semiconductor alloy such as a metal silicide.

After formation of the first and the second semiconductor
structure, the cavity structure may be removed as desired,
¢.g. by etching. The structure may then be further optimized,
¢.g. to refine shape, and subsequent device processing steps
may be performed as appropriate to build a required device
structure around the first and the second semiconductor
structure.

The basic fabrication steps described above can be per-
formed using well-known material processing techniques.

By way of illustration, details of an exemplary process for
tabricating the structure as shown in FI1G. 1g comprising first
and second semiconductor structures of In Ga,__As on an
SOI wafer are described 1n the following. An SOI water with
a roughly 60 nm device layer was processed to form the
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structure 204 of FIG. 26 by electron beam lithography and
reactive 1on etching. A dielectric layer 205 of S102 was
deposited to a thickness of 100 nm by plasma-enhanced
chemical vapor deposition. Opening 210 was formed by
clectron beam lithography and the seed material was par-
tially removed by a tetramethylammomum hydroxide wet
etch to leave the first and the second seed 221/222a as shown
in FIG. 2/. The first semiconductor and the second semi-
conductor structures of In Ga, As were then grown by
MOCVD using the precursors TMIn, TMGa and TBAs at a
temperature of around 550° C. This produced the first and
the second semiconductor structure 1n a single growth run.

FIG. 3a through 3¢ show schematic 3-dimensional views
ol successive stages of a method for the fabrication of
semiconductor devices according to embodiments of the
invention.

In FIG. 3a a structure 314 of silicon has been formed on
a Si-water 311 with a box layer 312 on top. The structure
314 is covered with a cavity layer 310 of S10x.

In FIG. 35 the structure 314 has been partly removed by
ctching, thereby forming a cavity comprising a first Si-seed
321 and a second Si-seed 322.

In FIG. 3 a first semiconductor structure 341 and a second
semiconductor structure 342 have been grown 1n the cavity
structure 310. The first and the second semiconductor struc-
tures comprises a defined dislocation region 302 at the
border area 301 between the first and the second semicon-
ductor structures.

FIG. 4a and FIG. 45 show successive stages of a method
for fabrication of semiconductor devices according to
embodiments of the invention.

FIG. 4a 1s a schematic top view of a cavity structure 410
that comprises a first growth path 431 extending in a first
direction and a second growth path 432 extending in a
second direction. The cavity structure 410 comprises a
common seed surface 421a which 1s mitially and commonly
used for the growth of a first and a second semiconductor
structure. The common seed surface 421a may also be
denoted as single seed surface. The cavity structure 410
comprises a separation structure 451 which 1s arranged 1n a
separation area 452 between the first growth path 431 and
the second growth path 432. The separation structure 451
may also be denoted as divergence structure or as perturba-
tion structure. The cavity structure 410 comprises a merging,
area 433 for merging the growth fronts of the first and the
second semiconductor structure.

FIG. 4b shows a schematic top view of the cavity struc-
ture 410 after the growth of a first semiconductor structure
441 and a second semiconductor structure 442. In the
beginning of the growth process a common semiconductor
structure 440 has been grown from the common seed
surface. Then during the further growth the common semi-
conductor structure 440 1s separated by the separation struc-
ture 451 and the first semiconductor structure 441 and the
second semiconductor structure 442 1s grown along the
separation structure 451. Finally, in the merging area 453,
the first and the second growth front of the first semicon-
ductor structure 441 and the second semiconductor structure
442 have been merged. This has created a defined disloca-
tion region 402 at a border area 401.

FIG. 5a and FIG. 5b show successive stages ol a method
for fabrication of semiconductor devices according to
embodiments of the invention.

FIG. 5a 1s a schematic top view of a cavity structure 510
that comprises a first growth path 531 extending in a first
direction and a second growth path 332 extending in a
second direction, wherein the second direction 1s opposite to
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the first direction. The cavity structure 510 comprises a first
seed 521 with a first seed surface 521a and a second seed
522 with a second seed surface 522a. The first seed 521 and
the second seed 522 are arranged opposite to each other in
opposite arms 551 and 552 of the cavity structure 510. The
cavity structure 510 comprises side arms 553 and 554
arranged 1n a central area of the cavity structure 510. The
side arms may be used to supply the precursor material to the
cavity structure 510.

FIG. 53b shows a schematic top view of the cavity struc-
ture 510 after the growth of a first semiconductor structure
541 and a second semiconductor structure 542. The first
semiconductor structure 541 has been grown from the first
seed surface 521a along the first growth path 531 and the
second semiconductor structure 541 has been grown from
the second seed surface 522a along the second growth path
532. Finally, the growth fronts of the first semiconductor
structure 541 and the second semiconductor structure 542
have merged at a border area 501. This has created a defined
dislocation region 502 at the border area 501.

FIG. 6a and FIG. 65 show successive stages of a method
for fabrication of semiconductor devices according to
embodiments of the mvention.

FIG. 6a 1s a schematic top view of a cavity structure 610
that comprises a first growth path 631 extending in a first
direction and a second growth path 632 extending i1n a
second direction, wherein the second direction 1s orthogonal
to the first direction. The cavity structure 610 comprises a
first seed 621 with a first seed surface 621a and a second
seed 622 with a second seed surface 622a. The first seed 621
and the second seed 622 are arranged 1n arms 651 and 652
of the cavity structure 610.

FIG. 6b shows a schematic top view of the cavity struc-
ture 610 after the growth of a first semiconductor structure
641 and a second semiconductor structure 642. The first
semiconductor structure 641 has been grown from the first
seed surface 621a along the first growth path 631 and the
second semiconductor structure 642 has been grown from
the second seed surface 622a along the second growth path
632. Finally, the growth fronts of the first semiconductor
structure 641 and the second semiconductor structure 642
have merged at a border area 601. This has created a defined
dislocation region 602 at the border area 601.

FIGS. 7a and 7b show successive stages of a method for
fabrication of semiconductor devices according to embodi-
ments of the invention.

FIG. 7a 1s a schematic top view of a cavity structure 710
that corresponds partly to the cavity structure 110 of FIG. 1aq,
but comprises 1n addition to the first growth path 131 and the
second growth path 132 a third growth path 133 including a
third seed 123 having a third seed surface 123a.

FIG. 7b shows the cavity structure 710 after the growth of
the first semiconductor structure 141, the second semicon-
ductor structure 142 and of a third semiconductor structure
143. The third semiconductor structure 143 has been grown
along the third growth path 133. During the growth the
second growth front of the second semiconductor structure
142 and the third growth front of the third semiconductor
structure 143 have been merged at a border areca 101
between the second and the third semiconductor structure.
Thereby another defined dislocation region 102 has been
growi.

It should be noted that the above described cavity struc-
tures are only exemplary examples and that by appropnate
shaping of the cavity structure semiconductor structures may
be fabricated with dislocation regions of a plurality of
desired shapes.
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FIG. 8 shows a flow chart of method steps for fabricating
a semiconductor device according to embodiments of the
invention.

At a step 801, a cavity structure 1s provided, e.g. the cavity
structure 110 of FIG. 1a.

At a step 802, a first semiconductor structure is selectively
grown Irom the first seed surface along the first growth path.

Concurrently, at a step 803, a second semiconductor
structure 1s grown from the second seed surface along the
second growth path.

At a step 804, the growth fronts of the first and the second
semiconductor structures are merged at a border area
between the first and the second semiconductor structure.
Thereby, a defined dislocation region 1s grown at the border
area.

At a step 805, the cavity structure 1s removed as desired,
¢.g. by etching.

At a step 806, a device structure 1s patterned as desired,
¢.g. by etching away undesired semiconductor or materials.

Finally, in a further step electrical contacts or a gate may
be provided as desired.

A method for fabricating a semiconductor device on a
substrate may be provided. The method can comprise steps
of providing a substrate and providing a cavity structure on
the substrate. The cavity structure can comprise one or more
seed surfaces, a first growth path for the growth of a first
semiconductor structure from one of the one or more seed
surfaces and a second growth path for the growth of a second
semiconductor structure from one of the one or more seed
surfaces. The cavity structure can further comprise at least
one opening for supplying precursor materials to the cavity
structure. The method can further comprise steps of selec-
tively growing the first semiconductor structure along the
first growth path and selectively growing the second semi-
conductor structure along the second growth path. The first
semiconductor structure can have a first growth front and the
second semiconductor structure can have a second growth
front. The method can comprise a further step of merging the
first and the second growth front at a border area of the first
and the second semiconductor structure. Thereby, a defined
dislocation region can be grown at the border area. Related
semiconductor devices obtainable by such a method can be
provided.

While particular examples have been described above,
numerous alternatives and modifications may be envisaged.
E.g., various other compound semiconductors may be used
in the above processes, and other dopant and etchant com-
binations may be used. The resulting semiconductor struc-
tures may be further processed i1 desired, e.g. via additional
cetching and/or growth stages to produce more complex
structures.

The descriptions of the various embodiments of the
present 1nvention have been presented for purposes of
illustration, but are not intended to be exhaustive or limited
to the embodiments disclosed. Many modifications and
variations will be apparent to those of ordinary skill in the
art without departing from the scope and spirit of the
described embodiments. The terminology used herein was
chosen to best explain the principles of the embodiments, the
practical application or technical improvement over tech-
nologies found in the marketplace, or to enable others of

ordinary skill in the art to understand the embodiments
disclosed herein.

What 1s claimed 1s:

1. A method for fabricating a semiconductor device on a
substrate, the method comprising;:

providing a substrate;
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providing a cavity structure on the substrate, the cavity

structure comprising one or more seed surfaces;

a first growth path for the growth of a first semicon-
ductor structure from one of the one or more seed
surfaces;

a second growth path for the growth of a second
semiconductor structure from one of the one or more
seed surfaces; and

at least one opening for supplying precursor materials
to the cavity structure;

selectively growing the first semiconductor structure

along the first growth path, the first semiconductor

structure having a first growth front;

selectively growing the second semiconductor structure

along the second growth path, the second semiconduc-

tor structure having a second growth front; and

merging the first and the second growth front at a border
area of the first and the second semiconductor structure,
thereby growing a defined dislocation region at the
border area;

wherein the cavity structure further comprises:

a first tapered edge portion adapted to extend the first

growth path to the border area; and

a second tapered edge portion adapted to extend the

second growth path to the border area; wherein

the first tapered edge portion and the second tapered edge

portion converge at the dislocation region.

2. A method as claimed 1n claim 1, wherein the one or
more seed surfaces comprise a first seed surface and a
second seed surface, the second seed surface being spaced
apart from the first seed surface, the method comprising

selectively growing from the first seed surface the first

semiconductor structure; and

selectively growing from the second seed surface the

second semiconductor structure.

3. A method as claimed in claim 1, wherein

the one or more seed surfaces comprise a common seed

surface for the first semiconductor structure and the

second semiconductor structure;

the cavity structure comprises a separation structure

arranged 1n a separation area between the first growth

path and the second growth path; and

the cavity structure comprises a merging area for merging

the growth fronts of the first and the second semicon-

ductor structure; the method comprising

selectively growing from the common seed surface a
common semiconductor structure;

selectively growing the first semiconductor structure
and the second semiconductor structure along the
separation structure, thereby separating the common
semiconductor structure by the separation structure;
and

merging the first and the second growth front in the
merging area of the cavity structure.

4. A method as claimed 1n claim 1, wherein the defined
dislocation region establishes a dislocation plane.

5. A method as claimed in claim 1, wherein the dislocation
region comprises grain boundaries.

6. A method as claimed 1n claim 1, wherein the one or
more seed surfaces are arranged with a predefined angle
towards each other.

7. A method as claimed in claim 1, wherein

the cavity structure comprises a third growth path for the

growth of a third semiconductor structure from one of

the one or more seed surfaces; and

the method further comprises
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selectively growing the third semiconductor structure
along the third growth path, the third semiconductor
structure having a third growth front; and

merging the second and the third growth front at a
border area of the second and the third semiconduc-
tor structure, thereby growing a defined dislocation
region at the border area of the second and the third
semiconductor structure.

8. A method as claimed 1n claim 1, wherein the selective
growing ol the first semiconductor structure and the second
semiconductor structure 1s performed by selective epitaxial
growth.

9. A method as claimed 1n claim 8, wherein the selective
growing ol the first semiconductor structure and the second
semiconductor structure i1s performed by one of: metal
organic chemical vapor deposition (MOCVD); atmospheric
pressure CVD; low or reduced pressure CVD; ultra-high
vacuum CVD; molecular beam epitaxy (MBE); atomic layer
deposition (ALD) and hydride vapor phase epitaxy.
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10. A method as claimed in claim 1, wherein the first >

semiconductor structure and the second semiconductor
structures comprise a compound semiconductor material.
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11. A method as claimed in claim 10, wherein the first
semiconductor structure and the second semiconductor
structure comprise a group III-V compound material or a
group II-VI compound material.

12. A method as claimed 1n claim 1, wherein the one or
more seed surfaces have an area of order 10* nm~ or less.

13. A method as claimed 1n claim 1, wherein the one or
more seed surfaces have a monocrystalline semiconductor
surface.

14. A method as claimed 1n claim 1, wherein the substrate
1s used as one of the one or more seed surfaces.

15. A method as claimed 1n claim 1, comprising, after
growing the first and the second semiconductor structure,
removing the cavity structure.

16. A method as claimed 1n claim 1, wherein the first
growth path and the second growth path extend laterally
over the substrate.

17. A method as claimed 1n claim 1, wherein the first
growth path and the second growth path extend vertically to
the substrate.
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